Objective: Eating habits may have a key influence on cognitive function, however, the relationship between dietary intake and cognitive impairment in the elderly Chinese population has not been explored. The present study investigated the association between cognitive impairment and eating habits in elderly Chinese subjects >90 years of age. Methods: This study comprised data from subjects included in the 2005 Project of Longevity and Ageing in Dujiangyan, China. Subjects were divided into two groups: cognitive impairment group and normal group. Sociodemographic and dietary habit data were collected and cognitive function was assessed in all subjects using the Mini-Mental State Examination. Results: Data from 763 subjects (249 men, 514 women) were included. There was no statistically significant difference in eating habits between the two groups. Education level in the cognitive impairment group was significantly lower than in the normal group. Significant between-group differences were detected in factors relating to subjects' professions. Conclusions: Eating habits were not related to cognitive impairment in elderly Chinese people >90 years of age.
Introduction
By 2050, 115 million people worldwide are expected to have some form of cognitive impairment, including mild cognitive impairment and Alzheimer's disease, which is the most common form in the aged. 1 Cognition in the elderly ranges from cognitive changes associated with normal ageing to dementia, with a transitional stage of mild cognitive impairment that may indicate early signs of Alzheimer's disease. 2 Studies have suggested that cognitive impairment is related to lack of variety in dietary nutrients 3, 4 and eating habits are considered to be one of the most influential factors relating to cognitive function. 3, 5, 6 In addition, a wellbalanced diet may play a role in preventing decline in cognitive function. [7] [8] [9] [10] [11] [12] [13] One study found that patients with Alzheimer's disease had a high intake of meat, sweets and sweetened beverages, compared with healthy volunteers who had a high intake of fruits, vegetables, and whole grains. 14 Another study found that vegetables, unsaturated fats and a high Mediterranean-diet score may be beneficial to cognitive function. 15 Intake of certain nutrients or dietary antioxidant supplements are thought to have a direct role in the prevention of cognitive decline and dementia. 16 Diet is closely related to senile cognitive function: dietary intervention based on an understanding of the relationship between diet and health improved health-related quality of life and reduced complications in patients with Alzheimer's disease, in a nursing home or hospital environment. 17 Reducing the incidence of cognitive impairment and improving health-related quality of life in patients with dementia is becoming an increasingly important area of research. The association between cognitive impairment and the intake frequencies of different food items has been reported previously. 18 However, cooking methods may also play an important role in the Chinese population. The primary aim of the present study was to investigate the association between cognitive impairment, eating habits and cooking methods in elderly (>90 years of age) Chinese subjects.
Subjects and methods

Study population and study design
The present questionnaire-based, crosssectional study was performed between April 2005 and September 2009 in Dujiangyan, Chengdu, China, as part of the Project of Longevity and Ageing in Dujiangyan (PLAD). 18 The study aimed to include all nonagenarians and centenarians in the area of Dujiangyan, although subjects with post-stroke related disease or Parkinson's disease, or who did not complete the MMSE test, were excluded. The study protocol was approved by the research Ethics Committee of Sichuan University. All participants (and their legal proxies) provided written informed consent.
Data collection
Trained medical personnel visited all recruits at their homes for data collection. All data relating to cognitive function, sociodemographics and dietary habits (including age, sex, education level, cognitive function, food consumption, vegetable consumption, nutritional status and other items) were collected. All information was checked and confirmed by family members who usually lived with the participant.
Assessment of cognitive function
Cognitive function was assessed using a Mini-Mental State Examination (MMSE) 9 which included 30 items, each having a 1-point score. Any score !25 points (out of 30) indicated normal cognition. Below this, scores could indicate severe ( 9 points), moderate (10-20 points) or mild (21-24 points) cognitive impairment. In the present study, some items were modified on the basis that the modification would not change the meaning of the test, as described in a previous study. 19 Subjects were categorized as follows: cognitive impairment, scores <17; normal, scores between 17 and 30. 9, 18, 20 Assessment of eating habits All participants completed a questionnaire relating to eating habits, including questions on: food intake (very satiated, 70-80% satiated, 50% satiated, variable); component of each food item (primarily vegetarian, primarily meat, completely vegetarian); frequency of breakfast intake (daily, usually [>three times per week], occasionally [<three times per week], never); main cooking methods (fried, steamed, mixed cooking, others); speed of eating (slow, moderate, fast); eating habits (sweets preference, spicy hot preference, other preference, no preference).
Statistical analyses
Data were presented as mean AE SD or number and percentage. All data were computerized for statistical analysis using the SPSS Õ software package, version 17.0 (SPSS Inc., Chicago, IL, USA) for Windows Õ . Baseline characteristics and food consumption were analysed using 2test or Fisher's exact test; Multivariate logistic regression analysis was performed using the first item in each category as the reference value. All tests were two tailed and a P-value 0.05 was considered statistically significant.
Results
Out of 870 Dujiangyan inhabitants !90 years of age, 23 males and 31 females were excluded due to post-stroke related disease or Parkinson's disease and 38 males and 15 females were excluded because they did not Table 2 ). Using single factor analysis, statistically significant between-group differences were found in terms of cooking methods (P ¼ 0.026, Table 1 ). Using multivariate logistic regression analysis, no statistically significant association was found between the two groups in terms of cooking methods ( Table 2 ). 
Discussion
There are many studies relating to the common problem of cognitive impairment in the elderly 3, 8, 9, 12 and it has been reported that $5% of people with dementia are >65 years of age. 10 Malnutrition was first proposed as a clinical manifestation of Alzheimer's disease at the beginning of the last century, with a close relationship between malnutrition and Alzheimer's disease found in a number of observational studies. [21] [22] [23] There is increasing evidence to support the role of caloric intake in the relative risk for Alzheimer's disease clinical dementia. 11, 24 Several aspects of diet have been researched in detail; results have provided support for potential dietary mechanisms that may improve cognition. 12 Supplementary analysis of clinical trial data has shown many minimal benefits of dietary intervention, 12 and there is continuing work to define the mechanisms and improve knowledge of dietary benefits. 11 One study suggested that lack of dietary energy intake was the main reason for cognitive impairment. 13 In the present study, subjects were categorized into a cognitive impairment group (MMSE scores < 17) and normal group (MMSE scores between 17 and 30). The MMSE score level was set according to the fact that most participants in a previous PLAD study had no formal education. 9, 18, 20 The main difference between the present study and the original analyses and report on the PLAD study was that the original report focused on minor cognitive impairment, and excluded the normal and the dementia group. 18 The present study found no statistically significant differences in terms of food intake, nutritional content of each food item, frequency of consuming breakfast, main cooking methods or eating habits between the two groups, after adjusting for independent variable factors (sex, age, education level and major occupation before 60 years of age). It has been reported that a higher intake of fruits, vegetables, fish, nuts and legumes, and a lower intake of meats, high fat dairy and sweets appears to be associated with lower odds of cognitive deficits or reduced risk of Alzheimer's disease. 25 In the present study, no significant association was found between dietary intake (primarily vegetables, primarily meat, or completely vegetarian) and cognitive function, suggesting that vegetable or meat intake may have little or no effect on cognitive function in Chinese elderly people >90 years of age. It has been suggested that intake of sweets is significantly associated with Alzheimer's disease type dementia. 25, 26 Although the present study found a preference for eating sweet food in the cognitive impairment group, this was not shown to be statistically significant after independent variable factors in eating habits had been added, suggesting that a preference for eating sweet food may not be related to decline in cognitive function in the Chinese elderly >90 years of age. Consuming or missing breakfast and the speed of eating were not factors associated with cognitive function in the present study. Methods of cooking, including frying or steaming food, were also not associated with cognitive function. These results may reflect the fact that midlife eating habits are more important in terms of subsequent cognitive performance than diet in later life. 27 The present study was limited by a number of factors: most of the participants lived in the countryside and this population might not be representative of the urban population; as part of the PLAD study, there might be a survival bias, however, this was an unavoidable study characteristic; the number of participants was relatively small, due to the difficulty of collecting data from very elderly participants in one area.
In conclusion, decline in cognitive function is a public health concern that is related to serious physical and mental health problems in aged people. Cognitive decline in the elderly is particularly important for the individuals themselves, but also places a heavy burden on family members. Studies into the impact of eating habits on cognitive function are becoming increasingly important, although in the present study eating habits were not found to be related to cognitive impairment in Chinese elderly people >90 years of age.
